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(54) Improvements relating to subsea drilling of boreholes 

(57) Apparatus and a method are described for drill- 
ing with casing in a borehole in a typically unconsoli- 
dated formation, wherein the method involves isolating 
the annulus between the casing and the borehole sec- 
tion from fluid circulation and creating a hydrostatic 
pressure in the annulus which is adapted to balance any 
over-pressurised water in the formation. 
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Description 

[0001] The present invention relates to improved 
methods and apparatus for use in the drilling of subsea 
boreholes, particularly for the recovery of hydrocarbon 
products from subsea geological formations. 
[0002] This invention is most directly applicable to 
the solution of particular problems encountered in the 
drilling of boreholes in extremely deep water. An exam- 
ple of such operations is the drilling of boreholes in the 
Gulf of Mexico on the downslope of the continental 
shelf, in water depths of the order of 6000 to 7000 feet 
(1830 to 2130 metres), where the hydrocarbon-bearing 
formation may be a further 10,000 feet (3050 metres) 
beneath the seabed. 

[0003] At such depths, the seabed often includes a 
top layer, usually of the order of 300 to 400 feet (90 to 
120 metres) deep, of unconsolidated, mud-like material, 
followed by a layer of unconsolidated sedimentary rock, 
before consolidated geologic formation is reached. 
[0004] Running the borehole casing in deep water 
seabed conditions of this type is problematic by reason 
of the unconsolidated nature of the top seabed layers. 
The unconsolidated sedimentary formations referred to 
above often contain large, sealed volumes of over-pres- 
sured seawater. When a borehole penetrates a region 
of formation containing such water, the over-pressure 
causes water to flow out of the formation and into the 
borehole ("shallow salt water flow"). Such water flow 
may continue for long periods of time before the pres- 
sure in the formation equalises with the "ambient" pres- 
sure, and can be likened to the flow of an underwater 
river. The volume and rate of flow are such that the 
borehole will normally be completely destroyed or else 
damaged to the extent that it has to be abandoned. 
[0005] The invention relates to the particular prob- 
lem of forming and casing the initial sections of a sub- 
sea borehole through layers of unconsolidated 
formation, where the depth of the unconsolidated for- 
mations is small compared to the depth of water in 
which the operation is to be performed. In order to drill a 
borehole to the hydrocarbon-bearing formations, it is 
necessary first of all to drill and stabilise initial borehole 
sections through the unconsolidated layers. 
[0006] In the context of drilling operations of this 
type, it is well known to establish a first borehole section 
through the first layer of mud-like material using fluid jet- 
ting techniques, with the required casing being lowered 
closely behind the jetting tool so as to stabilise the first 
borehole section as it is formed. This in itself is a simple 
form of "casing while drilling", but does not utilise a 
rotating drill-bit. The depth of the water compared with 
the required length of casing (typically of the order of 
300 feet to 400 feet (90 to 120 metres) is such that the 
complete casing string can be pre-assembled and 
hung-off from the drilling vessel with the jetting tool 
string extending through the casing, before lowering the 
casing and jetting string to the seabed. 



[0007] Having established the first section of bore- 
hole, typically lined with 36 inch casing, the second sec- 
tion is drilled through the second layer, containing zones 
of overpressured water, typically using a 24 inch (60.96 

5 cm) bit, and into the underlying formation, to accommo- 
date 20 inch casing. This second borehole section may 
be of the order of 3000 feet (91 5 meters) in depth. Using 
conventional methods, the second borehole would be 
drilled in its entirety before withdrawing the drill string 

w and running the casing string. If the borehole penetrates 
a zone of overpressured water, the resulting "shallow 
water flow" from the overpressured zone into the bore- 
hole will destroy or render useless the borehole before 
the casing can be run. This problem has been 

75 addressed in the past by pumping high density drilling 
fluid through the drill string, so as to fill the borehole with 
fluid at a higher pressure than the overpressured water 
in the surrounding formation. However, this is extremely 
expensive, because the drilling fluid cannot be recircu- 

20 lated, and environmentally undesirable, because the 
drilling fluid is allowed to escape into the subsea envi- 
ronment. 

[0008] One object of the present invention is there- 
fore to mitigate the above problems by making use of 
25 the concept of casing-while-drilling in order to produce a 
stable, cased borehole through such unconsolidated 
sedimentary formations containing over-pressured sea- 
water. 

[0009] A number of additional problems also need 

30 to be addressed in order for casing while drilling to be 
applied in practice. These include the need to control 
fluid flow paths through the drill and casing strings and 
the need for blow-out-prevention measures. The most 
obvious solution to these problems is the use of over- 

35 size risers and blow-out-preventers (BOPs) as used in 
conventional, smaller diameter drilling. However, this is 
impractical for the large diameter borehole and casing 
sections with which the present invention is concerned. 
Cementing a 20 inch casing run so as to obtain a good 

40 cement bond in the zones subject to shallow water flow 
also presents practical difficulties. 
[0010] Yet further, on certain occasions where the 
formation is exceptionally weak, the mere running of 
casing while drilling does not guarantee that the flow of 

45 over pressurised water will be controlled. It has been 
known for such unconsolidated layers to be so soft that 
the over pressurised water flows up the annulus outside 
the second section casing and thereafter breaks down 
the formation outside the 36 inch casing creating a dam- 

50 aging flow path on the outside of the top casing. An 
example of such an occurrence in recent times may be 
found in the URSA oil field where the drill template sub- 
sided below the mud-line. 

[0011] In accordance with a first aspect of the 
55 present invention, there is provided a method of forming 
a subsea borehole from a drilling vessel in a body of 
water of known depth, comprising securing a casing 
string to a drill string and running said strings, thereby 
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excavating a section of the borehole in a typically 
unconsolidated formation while isolating the annulus 
between the casing string and the borehole section from 
fluid circulation and creating a hydrostatic pressure in 
the annulus adapted to balance any over pressurised 
water in the formation. 

[0012] The method may further comprise the prior 
steps of: 

forming a first borehole section lined with a first cas- 
ing having a first diameter; 
making up the drill string and casing string with a 
second casing having a second diameter which is 
less than said first diameter, said casing string hav- 
ing an overall length less than the depth of the body 
of water, and hanging said casing string off from the 
drilling vessel; 

running said drill string through the interior of said 
casing string, securing said casing string to said 
drill string and disconnecting said casing string 
from said drilling vessel; and 
running said casing string and drill string together 
into the first borehole section. 

[0013] Preferably the annulus is isolated from fluid 
circulation by means of sealing means provided on the 
outside of the casing string. 

[0014] Sufficient hydrostatic pressure may be cre- 
ated in the annulus by pumping a suitable gel into the 
annulus above the sealing means. The gel might typi- 
cally comprise of a mixed metal hydroxide or mixed 
metal silicate base. Preferably, the gel is pumped into 
the annulus during excavation of the said borehole sec- 
tion. Preferably, the first borehole section is formed by 
means of fluid jetting tool, said first casing being run 
simultaneously with said fluid jetting tool. 
[0015] Preferably the said drill string is made up 
with a drill bit at its lowermost end and with a centra liser 
assembly incorporated therein above said drill bit. 
[0016] Preferably also, said casing string is made 
up with at least a first port collar incorporated therein at 
a distance from the uppermost end of the casing string 
which is greater than the length of said first casing. 
[0017] Preferably, said annular sealing means com- 
prises at least one cup seal element. Most preferably, 
said sealing means comprises a plurality of cup seal 
elements spaced along the length of the casing string. 
[0018] In accordance with a second aspect of the 
present invention there is provided a casing string hav- 
ing a plurality of sealing means spaced on the outer sur- 
face thereof, and further having attached thereto a feed 
line for the supply of gel into the annulus between the 
casing string and the second borehole section when the 
string is run. 

[0019] Preferably, the casing string is adapted for 
attachment to a drill string. 

[0020] Embodiments of the invention will now be 
described, by way of example only, with reference to the 



accompanying drawings, in which: 

Fig. t is a sectional side view of a first borehole sec- 
tion being formed using a jetting string and a first 
5 casing string; 

Fig. 2 is a side view of a non-rotating centraliserfor 
use in accordance with the first aspect of the inven- 
tion; 

w 

Fig. 3 is a side view of a second casing string 
assembly for use in accordance with an embodi- 
ment of the first aspect of the invention, shown 
hanging off from the moonpool of a drilling vessel; 

75 

Fig. 4 is a side view of a drill string for use in accord- 
ance with the invention; 

Fig. 5 is a sectional side view of a borehole iUustrat- 
20 ing the operation of the drill string of Fig. 4 and the 
casing string of Fig. 3 in drilling a second borehole 
section in accordance with the invention; and 

Fig. 6 is a half sectional elevation of a drill string 
25 with casing. 

[0021 ] The following description will describe exam- 
ples of components and assemblies and the methods of 
use thereof, embodying the various aspects of the 
30 invention. In these examples, reference will be made 
specifically to boreholes, casing strings etc. having par- 
ticular diameters and other dimensions. It will be under- 
stood that these dimensions are of an exemplary nature 
only and that the invention is not limited to these partic- 
35 ular dimensions. The particular example described uti- 
lise a first borehole section with 36 inch (91.44 cm) 
diameter casing and a second borehole section with 20 
inch (50.80 cm) casing. Further, references herein to a 
"drilling vessel" will be understood to include references 
40 to drilling rigs or other platforms for offshore drilling 
operations. 

[0022] Referring firstly to Figure 1 , a 36 inch casing 
string 1 0 and jetting string 30 are suspended from a run- 
ning tool 50 via a housing 18. In the example ernbodi- 
45 ment, the overall arrangement of the 36 inch casing 
string 10 may include a centraliser joint (not shown) and 
standard 40 foot (12.19 metre) joints of 36 inch casing. 
A centraliser such as is illustrated in Figure 2 may also 
be provided on the jetting string 30 in order to maintain 
50 it in a correct orientation within the borehole. The equip- 
ment shown in Figure 1 may be used in the initial stages 
of excavating a borehole in unconsolidated layers near 
the seabed. 

[0023] The procedure for running the 36 inch casing 
55 string 1 0 and jetting string 30 is as follows: 

make up the casing string 10 and jetting string 30 
with jetting tool 32, 
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run the jetting tool 32 through the casing string 1 0, 
make up the housing 18 and running tool 50 and 
pick up the 36 inch string and run to the mudline 52 
- operate the jetting tool 32 to excavate the first bore- 
hole section 54 until the housing 18 lands off in a 
template (not shown) previously installed at the 
borehole location (as is well known in the art) or 
until the housing 18 is at a predetermined height 
above the mudline 52, 

continue circulation of jetting fluid through the jet- 
ting tool 32 until the borehole 54 has been cleared 
of debris, 

discontinue circulation of jetting fluid, disconnect 
the running tool 50 from the housing 1 8 and pull out 
the jetting string 30 back to the drilling vessel. 

[0024] At this point, the first section of borehole is 
completed with the 36 inch casing 10 installed. 
[0025] The next stage of the operation is to exca- 
vate a second borehole section while simultaneously 
running a 20 inch casing into a second borehole sec- 
tion. This requires a 20 inch casing string as illustrated 
in Figure 3 and a suitable drill string as shown in Figure 
4. 

[0026] As illustrated in Fig. 3, the 20 inch casing 
string 56 comprises a shoe joint 58 at the lowermost 
end of the casing string, standard joints of 20 inch cas- 
ing 60, and one or more port collars for use during the 
cementing of the 20 inch casing. 
[0027] The present invention involves the use of a 
fluid seal in the annulus between the 20 inch casing and 
the adjacent borehole section. This seal must be main- 
tained while the 20 inch casing is being run into the 
borehole. The seal is provided on the outer surface of 
the 20 inch casing string as shown in Figures 5 and 6 
and includes a plurality of cup seals 20 arranged in 
series. In this example, the seals 20 are retained in 
position by removable collars 26. This arrangement 
facilitates the removal of the seals 20 for replacement, 
repair or refurbishment. 

[0028] The cup seals 20 are designed to hold back 
the fluid pressure generated by the shallow salt water 
flows which are expected to be encountered in use of 
the invention. It will be understood that the number of 
seals 20, and, if necessary, the length of the seal joint 
body 24, may be varied to suit the parameters of a par- 
ticular operation. 

[0029] The casing string 56 further includes a hous- 
ing 66. For the purposes of the present invention, the 
casing string 56 is made up to its complete length and 
hung off from the drilling vessel. In this example, the 
string 56 is initially hung off from a wellhead support 
frame 68 installed in the moonpool 70 of the drilling ves- 
sel. 

[0030] The shoe joint 58 is a heavy wall casing joint 
which serves to ensure that the 20 inch casing enters 
the 36 inch seal joint 14 cleanly and without damaging 
the seals 20 on the second casing string. 



[0031] Referring to Fig.4, the 20 inch drill string 72 
includes a bottom hole assembly (BHA) comprising, 
from the bottom up: 

5 a suitable drilling bit 74, such as a 16 inch roller 
cone bit, 

an under-reamer 76, suitably a 26 inch device, for 
opening the hole ahead of the 20 inch casing string 
(This is a standard item of equipment, having 
10 extendable reaming elements which can be 
retracted to permit running of the tool through a 
casing of lesser diameter and extended for reaming 
operations), 

a pony collar 78, suitably a 9.5 inch diameter, 10 
is foot long collar (a pony collar is a drill collar of non- 
standard length employed to make up a required 
string length or spacing, 

a centraliser, suitably of the non-rotating type (i.e. 
rotatable relative to the drill string and u non-rotat- 
20 ing w relative to the surrounding casing in the event 
of contact therebetween), which serves to ensure 
that the casing 56 "follows" the bit and eliminates 
the possibility of casing wear caused by contact 
string 56, 

25 a positive displacement motor (PDM) 82, suitably a 
1 1 .25 inch diameter PDM, 
a stabiliser 84, suitably of the spiral gauge type, 
18.5 inch diameter, which serves to ensure that the 
BHA is centralised in the 20 inch casing, and 

30 conventional drill pipe and drill collars 86, as 
required. 

[0032] The drill string 72 is connected to the casing 
string, in use, by a wellhead running tool 88 (Fig. 5). 
35 Minor modification of a standard wellhead running tool 
is desirable for the purposes of the 20 inch string of the 
present invention, to provide an adequate flow-by area 
for the fluid and debris returns from the drilling opera- 
tion. 

40 [0033] With reference now to Figure 6, attached to 
the outside of the 20 inch casing string is a feed line or 
top-up line 81 adapted to supply gel into the annulus 83 
between the casing and the borehole wall 89. The intro- 
duction of the gel into the annulus serves to provide a 

45 hydrostatic pressure that counters the over pressure of 
the water in the unconsolidated formations. 
Accordingly, the entire annulus 83 may be maintained at 
a pressure that balances or overbalances the overpres- 
sured fluid in the unconsolidated layers, with the excep- 

so tion of an approximate 2 to 3 foot gap directly above the 
bit face on the drill string. 

[0034] In use it is anticipated that the swab cups 20 
may allow some leakage of the gel and this should not 
be detrimental to the overall working of the invention in 
55 preventing the break down of the integrity of the bore 
hole. 

[0035] The combination of the gel and cups 20 sub- 
stantially prevents the flow of well fluid in the annulus, 
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mitigating erosion of the relatively weak formation. It is 
similarly possible to allow for low or controlled flow lev- 
els for the washing of the borehole prior to cementing or 
for other specific operations. In fact the size of the annu- 
lus can be manipulated through the choice of different 
sized inner pipes, or with the use of fillers, such as buoy- 
ancy foams or the like. 

[0036] The running procedure for the 20 inch casing 
and drill string is as follows: 

Make up and hang-off the 20 inch casing string 56 
including the top up line 81; 
make up the drill string with a BHA as described 
above into the interior of the casing string 56, 
connect the drill string to the casing string, and run 
the entire casing/drill string assembly on drill pipe 
connected to the running too! 88 to Just above the 
mudline, 

lower the assembly slowly to enter the previously 

installed 36 inch housing 18, 

establish circulation of drilling fluid through the drill 

string and run in slowly until the bit 74 and under- 

reamer 76 have exited the 36 inch shoe, 

drill ahead to target depth while feeding the annulus 

with gel, and finally 

withdraw the drill string back to surface. 

[0037] Once the 20 inch casing 56 has been run 
and the drill string 72 withdrawn, the 20 inch casing may 
be cemented in place in the borehole. 
[0038] The invention therefore provides methods 
and apparatus enabling a borehole to be established 
through unconsolidated formations which are liable to 
shallow salt water flow problems. 
[0039] "Casing while drilling" is made possible by 
the fact that the water depth is greater than the required 
length of 20 inch casing (typically 6000 feet (1830 
metres) water depth, compared with the 3000 feet (915 
metre) length of the casing string). This allows the entire 
casing string to be assembled and hung off from the 
drilling vessel. The drill string can then be run through 
the pre-assembled casing. The casing string is then 
hung off from the drill string and detached from the drill- 
ing vessel, and can be lowered to the seabed along with 
the drill string, so that the casing follows closely behind 
the drill bit as drilling progresses. Accordingly, the bore- 
hole is protected by the casing against damage by shal- 
low water flows released during the drilling operation. 
[0040] Moreover, during the excavation of the bore- 
hole, the isolation of at least the majority of the annulus 
from fluid circulation and the establishment of an appro- 
priate countering hydrostatic pressure enables more 
successful drilling and casing procedures. 
[0041] Improvements and modifications can be 
incorporated without departing from the scope of the 
invention. 



Claims 

1 . A method of forming a subsea borehole from a drill- 
ing vessel in a body of water of known depth, com- 

5 prising securing a casing string to a drill string and 
running said strings, thereby excavating a section 
of the borehole in a typically unconsolidated forma- 
tion while isolating the annulus between the casing 
string and the borehole section from fluid circulation 

w and creating a hydrostatic pressure in the annulus 
adapted to balance any over pressurised water in 
the formation. 

2. A method as claimed in Claim 1 further comprising 
15 the prior steps of: 

forming a first borehole section lined with a first 
casing having a first diameter; 

20 making up the drill string and casing string with 

a second casing having a second diameter 
which is less than said first diameter, said cas- 
ing string having an overall length less than the 
depth of the body of water, and hanging said 

25 casing string off from the drilling vessel; 

running said drill string through the interior of 
said casing string, securing said casing string , 
to said drill string and disconnecting said cas- 
30 ing string from said drilling vessel; and 

running said casing string and drill string 
together into the first borehole section. 

35 3. A method as claimed in Claim 1 or Claim 2 wherein 
the annulus is isolated from fluid circulation by 
means of a sealing means provided on the outside 
of the casing string. 

40 4. A method as claimed in Claim 3 wherein the bal- 
ancing hydrostatic pressure is created in the annu- 
lus by pumping a suitable gel into the annulus 
above the sealing means. 

45 5. A method as claimed in Claim 4, wherein the gel 
comprises of a mixed metal hydroxide or mixed 
metal silicate base. 

6. A method as claimed in Claim 4 or Claim 5, wherein 
50 the gel is pumped into the annulus during excava- 
tion of the said borehole section. 

7. A method as claimed in any one of Claims 2 to 6, 
wherein the first borehole section is formed by 

55 means of a fluid jetting tool, said first casing being 
run simultaneously with said fluid jetting tool. 

8. A method as claimed in any one of the preceding 
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Claims wherein the drill string is made up with a drill 
bit at its lowermost end and with a centraliser 
assembly incorporated therein above said drill bit. 

9. A method as claimed in any one of the preceding 5 
Claims, wherein the casing string is made up with at 
least a first port collar incorporated therein at a dis- 
tance from the uppermost end of the casing string 
which is greater than the length of said first casing. 

10 

10. A method as claimed in any one of Claims 3 to 9, 
wherein the annular sealing means comprises at 
least one cup seal element. 

11. A method as claimed in any one of Claims 3 to 10, 15 
wherein said sealing means comprises a plurality of 
cup seal elements spaced along the length of the 
casing string. 

12. A casing string characterised by having a plurality 20 
of sealing means spaced on the outer surface 
thereof, and further having attached thereto a feed 
line for the supply of gel into the annulus between 

the casing string and the second borehole section 
when the string is run. 25 

13. A casing string as claimed in Claim 12, being 
adapted for attachment to a drill string. 
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